There is some evidence suggesting that a polymorphism of variable number of tandem repeats (VNTR) in the second intron of the serotonin transporter (5-HTT) gene and another variation which lies 1.2 kb upstream of the promoter of the gene (5-HTTLPR) are associated with affective disorders. However, conflicting results have also been reported. We examined an allelic association of these two polymorphisms in a Japanese sample of 191 patients with affective disorders (142 bipolar and 49 unipolar) and 212 controls. Substantial differences in the number and frequency of alleles between Caucasians and Japanese were observed for both polymorphisms. A significant association between the VNTR polymorphism and bipolar disorder (genotypic association: odds ratio 2.2, 95% CI 1.2-4.0; allelic association: odds ratio 1.7, 95% CI 1.0-3.0) was found, but not between the 5-HTTLPR polymorphism and bipolar disorder. No significant association with unipolar depression was detected using either genetic marker, although this may be attributable to the relatively small number of subjects with unipolar depression. Our results suggest that the VNTR itself or another unknown functional polymorphism which would be in linkage disequilibrium to the VNTR has an effect on susceptibility to bipolar disorder.
Introduction
ment length polymorphism in the bases 1947-2509 of the 3′ untranslated region, 7 a variable number tandem There is compelling evidence for an involvement of repeat (VNTR) in the second intron that contains 9, 10 dysfunction of serotonergic systems in the pathophysior 12 copies of a 16-17 base pair element, 8 and variants ology of affective disorders. 1, 2 The serotonin transwhich lie 1.2 kb upstream of the promoter of the gene porter (5-HTT) terminates serotonergic neurotransmis-(5-HTT gene-linked polymorphic region; 5-HTTLPR). 9 sion by sodium-dependent uptake of serotonin (5-HT) Among these polymorphisms, of particular interest in into the presynaptic neuron. Antidepressants, partirelation to vulnerability to affective disorders are the cularly selective serotonin reuptake inhibitors (SSRIs) VNTR in the second intron and the 5-HTTLPR. A sigsuch as fluoxetine and paroxetine, are thought to exert nificant association was found between the rare 9 their effects on the treatment of depressive symptoms repeat allele of the VNTR and affective disorders. 10, 11 through inhibiting the 5-HTT. The human 5-HTT gene, In contrast, two research groups 12,13 consistently found which has been cloned and localized on chromosome an association between the 12 repeat allele of the 17q11.1-q12, 3,4 is thus a candidate locus which may be VNTR and bipolar disorder, although conflicting negaassociated with susceptibility to affective disorders.
tive results have also been reported.
14 Several polymorphisms involved in the 5-HTT gene The 5-HTTLPR polymorphism was described as two or its expression have been reported: T/C substitution allelic forms and found to regulate the 5-HTT promoter at codon position Gly 308 , 5 C/A substitution which leads activity; the 'long' variant had about three-fold higher to Leu 255 Met amino acid change, 6 PstI restriction fragtranscriptional activity than the 'short' variant. 9 The 'short' variant results in decreased 5-HTT expression and 5-HT uptake in lymphoblasts, compared to the tory than those who were homozygous for the 'long' MgCl 2 , 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 200 mM dNTPs, 1 M of each primer, and 1.5 units of Amplivariant, 15 although this was not replicated by a more recent study. 16 A significant excess of individuals who Taq ® DNA Polymerase. Thermal cycling was a denaturation step at 95°C for 3 min followed by 30 cycles at carried the 'short' allele was also found among patients with unipolar and bipolar disorders in a European 60°C (30 s), 72°C (1 min), and 95°C (30 s) before a final extension step at 72°C for 10 min. PCR products were multi-center study, although the effect size was not very large (odds ratio 1.23). 17 visualized by 5% polyacrylamide gel electrophoresis followed by ethidium bromide staining. Detected Based on these observations, we have examined these two common polymorphisms for allelic associalleles of the VNTR and those of the 5-HTTLPR were subject to sequencing analysis from two and three subation with affective disorders in a Japanese sample. Here we report ethnic differences in the allele distrijects respectively by using the ABI prism autosequencer (Perkin Elmer). When the sequencing analybution of the polymorphisms and suggestive evidence for an association between the 5-HTT gene and bipolar ses of the 5-HTTLPR alleles were performed, PCR products were subcloned into vectors (pGEM7-T Vecaffective disorder.
tor Systems ® , Promega).
Subjects and methods Results

Subjects
The patient group consisted of 142 patients with The VNTR of the second intron of the 5-HTT gene Table 1 shows the genotype distribution and allele frebipolar (54 men and 88 women) and 49 with unipolar major depression (16 men and 33 women; 16 with sinquencies for the VNTR polymorphism of the second intron of the 5-HTT gene. We detected only two alleles; gle depressive episode and 33 with recurrent episodes) who were recruited from general psychiatric clinics of initially we had erroneously estimated that these alleles consisted of 9 and 11 repetitive elements.
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Teikyo University Hospital, Showa University Hospital, and Shiga University of Medical Science Hospital. However, subsequent sequencing analysis confirmed that the two alleles observed in Japanese subjects were The mean ages (standard deviation) for the bipolar and unipolar groups were 47 (14) and 58 (13) years, respectidentical to those of Caucasians with 10 and 12 repetitive elements (STin10 and STin12, respectively). 11 The ively. Consensus diagnosis by at least two psychiatrists according to the DSM-IV criteria 18 was made for each genotype distribution for the control group was in Hardy-Weinberg equilibrium (
. patient. Controls were 212 healthy volunteers (99 men and 113 women) who were medical students and hosWhen the genotype distribution was compared between affective patients and controls, homozygosity pital staff with the mean age of 32 (13) years. The age distribution differed significantly across the unipolar, for the STin12 allele was found to be significantly more common in the patients with bipolar disorder than in the bipolar and the control groups (one-way ANOVA, F = 94, d.f. = 2, P Ͻ 0.0001). Although the controls the controls ( 2 = 6.4, d.f. = 1, P = 0.01; odds ratio 2.2, 95% CI 1.2-4.0). However, the genotype distribution were not assessed for psychiatric symptoms by any structured interview method, they showed good social for the patients with unipolar depression was similar to that for the controls. The allele frequency differed functioning (ie, regular school attendance or no history of long-term absence from work) and reported themsignificantly between the patients with bipolar disorder and the controls ( 2 = 3.9, d.f. = 1, P = 0.05; odds selves to be in good health. No information on socioeconomic backgrounds for the patients or controls was ratio 1.7, 95% CI 1.0-3.0), but for the patients with unipolar depression was similar to that for the controls. obtained. All the cases and controls were unrelated Japanese. Forty-one patients (37 bipolar and four When the allele frequency in our Japanese controls was compared to that of a Caucasian control sample 10 unipolar) and the same number of controls were from Shiga prefecture, approximately 400 km west of Tokyo, (1% for the STin9 allele, 39% for the STin10, and 59% for the STin12), there was a highly significant differand the remaining individuals lived in Tokyo Metropolitan area.
ence (
).
The 5-HTT gene-linked polymorphic region Genotyping
After we obtained written informed consent, a blood
We detected four alleles in our subjects ( Figure 1 ). Subsequent sequencing analysis showed that these alleles sample was drawn from each individual. Genomic DNA was extracted from whole blood according to contained 14, 16, 19, and 20 repetitive elements (STP14, STP16, STP19, STP20, respectively; Figure 2 ). standard procedures. Polymerase chain reaction (PCR) amplification was performed for the VNTR region of The STP14 and STP16 alleles correspond to the 'short' and 'long' variants respectively of the 5-HTTLPR polythe second intron of the 5-HTT gene according to Ogilvie et al. 10 DNA thermal cycler 480 (Perkin Elmer morphism reported by Heils et al. 9 The STP19 and STP20 alleles, which have not been described in the Cetus) was used. For the 5-HTTLPR, primers 5′-ATGCCAGCACCTAACCCCTAATG-3′ and 5′-previous studies, 9,15-17 were rare and only seven individuals were found to carry one of these alleles; a GAGGGACTGAGCTGGACAACCCAC-3′ were used for PCR amplification. This PCR amplification was perforbipolar patient had a genotype of STP16/20, a bipolar patient STP14/20, two controls STP14/19, and three med in a final volume of 20 l containing 1.2 mM polar patients, and 189 controls) for their haplotypes; however, no haplotype was significantly increased in the bipolar or unipolar patients, compared to the controls.
Discussion
Affective disorders and polymorphisms of the serotonin transporter gene
We found that the STin12 allele and the homozygosity for this allele were significantly more frequent among the patients with bipolar disorder than among the controls, suggesting that the STin12 allele is associated excess of the STin12 allele or homozygosity for this allele was found, which is again consistent with Collier et al. 12 This may indicate differential effects of the controls STP14/20. Because the STP19 and STP20 alleles were rare and either allele was not more comSTin12 allele on susceptibility to bipolar and unipolar patients. Alternatively, our results may be false negamon among each patient group, they were unlikely to confer susceptibility to affective disorders. We theretive because of the small sample size of the unipolar patient group. The STin9 allele was previously fore excluded individuals who carried these alleles in the following analyses.
reported to be associated with bipolar disorder and unipolar depression; 10,11 however, this was not repliWe compared the genotype distribution and allele frequency between affective patients and controls; cated in other studies, 12-14 and we could not find the STin9 allele in our sample. Thus, it is unlikely that however, we could not detect any significant difference between the patients with bipolar disorder and the such an association is present across different ethnic groups. controls, or between the patients with unipolar depression and the controls ( Table 2 ). The genotype Concerning the 5-HTTLPR polymorphism, we could not detect any significant difference in the genotype distribution for the control group was in Hardy-Weinberg equilibrium (
distribution or allele frequency between the patients with unipolar, bipolar disorders, and the controls. This In addition to the differential number of alleles, the frequencies of the STP14 and STP16 alleles among our indicates that there is no major effect of the polymorphism on susceptibility to affective disorders in sample (79% and 21%, respectively) were significantly different from those of a Caucasian sample (42% for Japanese subjects. In Collier et al's study, 17 in which a significant excess of the 'short' variant of the 5-the 'short' and 58% for the 'long' variants, according to Collier et al; 17 2 = 192, d.f. = 1, P Ͻ1 × 10
−37
). HTTLPR polymorphism in the affective disorders was reported, the observed odds ratio was small (1.23), and We examined linkage disequilibrium between the two polymorphisms; weak linkage disequilibrium was the statistical significance was obtained only when samples from three research centers were combined observed ( 2 = 15, d.f. = 4, P = 0.005). To compare haplotype frequency between patients and controls, we (454 patients and 570 controls), but not when each sample was examined separately. Thus the possibility determined 93% of the subjects (134 bipolar, 47 uni- remains that the relatively small sample size in the difference in the expression of the 5-HTT protein between the STin10 and STin12 alleles, there may be present study may have resulted in the failure to detect a weak association between the 5-HTTLPR polymoranother unknown functional polymorphism nearby which would be in linkage disequilbrium to the VNTR phism and affective disorders.
In the present results, the STin12 allele and its in the second intron of the 5-HTT gene and would confer susceptibility to bipolar disorder. homozygosity were associated with, but the 5-HTTLPR polymorphism was unrelated to, vulnerability to Our study has several limitations. First, the age distribution differed significantly across the unipolar, bipolar disorder. This indicates that these two polymorphisms may have differential effects on the pathobipolar, and control groups. Were the 5-HTT gene genotypes associated with age of subjects, this differgenesis of bipolar disorder. The observed linkage disequilibrium between the two polymorphisms was ence would have confounded the results. However, we could not find any significant association between age weak, which is consistent with the finding of Collier et al, 17 who also stated that the two polymorphisms and genotype distribution for either the VNTR or the 5-HTTLPR polymorphism, indicating that the significant may have independent causative effects on affective disorders. Since there is no evidence for a functional association between bipolar disorder and the VNTR of the 5-HTT gene could not be ascribed to the differential HTTLPR gives susceptibility to affective disorders, it may require interactions with other ethnic or geoage distribution. Secondly, subjects were collected from two areas (ie, Tokyo Metropolitan area and Shiga graphical factors specific to Caucasians or Western countries. There is a possibility that the higher freprefecture). However, there was no significant difference in the allele frequency between controls from quency of the 'short' variant may explain in part the lower concentrations of antidepressants required in the Tokyo and those from Shiga for either the VNTR (STin12: 88% in Tokyo and 92% in Shiga) and the 5-treatment of Asian depressed patients, compared to North American and European patients. 22 The 'short' HTTLPR (STP14: 82% in Tokyo and 81% in Shiga) polymorphism. Thus the effect of subject ascertainvariant was found to be associated with anxiety-related personality trait. 15 The higher frequency of the 'short' ment from two areas was thought to be minimal. Thirdly, the control subjects did not undergo detailed variant may thus lead to a hypothesis that Japanese individuals may be predisposed to a trait of high psychiatric assessment; it is possible that we included some individuals who had been depressed or manic in anxiety. the past. This may have contributed to our results of no significant association between the 5-HTT gene
